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THE CONCENTRATION RATIO OF ALKALINE EARTH  
ELEMENTS CALCIUM, BARIUM AND STRONTIUM  
IN GRAINS OF DIPLOID, TETRAPLOID AND  
HEXAPLOID WHEAT
ABSTRACT: Even though calcium (Ca), strontium (Sr) and barium (Ba) belong to the 
same group of the periodic table of elements, and thus have similar chemical features, their 
importance for plants differs greatly. Since plants do not have the ability to completely dis-
criminate between essential (e.g. Ca) and non-essential elements (e.g. Sr and Ba), they read-
ily take all of them up from soil solution, which is reflected in the ratios of concentrations of 
those elements in plant tissues, and it influences their nutritive characteristics. The ability 
of plant species and genotypes to take up and accumulate chemical elements in their different 
tissues is related to their genetic background. However, differences in chemical composition 
are the least reflected in their reproductive parts. Hence, the aim of this study was to evaluate 
ratios of concentrations of Ca, Sr and Ba in the whole grain of diploid and tetraploid wheat 
‒ ancestors of common wheat, as well as in hexaploid commercial cultivars, grown in the 
field, at the same location, over a period of three years. 
The investigated genotypes accumulated Ca, Sr and Ba at different levels, which is 
reflected in the ratio of their concentrations in the grain. The lowest ratio was established 
between Ba and Sr, followed by Ca and Ba, while the highest ratio was between Ca and Sr. 
Moreover, the results have shown that the year of study, genotype and the combination 
highly significantly affected the ratio of the concentration Ca:Sr, Ca:Ba, and Ba:Sr.
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INTRODUCTION
The alkaline earth metals, belonging to the group II A of the periodic 
table of elements, include beryllium (Be), magnesium (Mg), calcium (Ca), 
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strontium (Sr), barium (Ba), and radium (Ra). They are widely distributed, in 
varying concentrations, in all parts of the biosphere (Kabata-Pendias, 2000). 
A common feature of alkaline earth metals is that their degree of oxidation is +2. 
Two electrons in the highest quantum state are characteristic of the electronic 
configuration of the alkaline earth metals. Moreover, compounds of these ele-
ments, except for Ba, have mainly ionic character. The similarity in physical 
and chemical properties of Ca, Ba and Sr is important in some physiological 
processes of plants.
Ca, Ba and Sr are not equally distributed in plants. Whereas Sr and Ba 
are regarded as trace elements, Ca belongs to macronutrients. Their ecological 
importance is also different. Contamination of the environment with Ba (Suwa 
et al., 2008) and Sr (90Sr) (ATSDR, 2014) jeopardizes the living world, which is 
not the case with Ca. Nevertheless, Ba and Sr can take over the role of Ca in 
some physiological processes in plants (Vanselow, 1966 a,b), but most probably 
only non-specific ones. They can precipitate in the form of oxalates in some 
plant species (Fink, 1991; Wyttenbach et al., 1995), their mobility in plants is poor 
(Marschner, 1995; Kastori et al., 2007), and they have similar geochemical 
behavior.
Plant species differ in their ability to take up, accumulate, translocate and 
use mineral elements (Mengel, 1982). Differences exist also between genotypes, 
lines and individual parts of the whole plant within a species or variety (Sarić, 
1981; Clark, 1983). The ratio between concentrations of alkaline earth metals 
differs not only between different plant species, but also between different 
genotypes of the same species (Young and Rasmusson, 1966), and also between 
different organs and tissues within each individual plant (Watmough, 2014). The 
ratio between Ca and Sr in edible plant parts is particularly important having in 
mind the potential risk of Sr (and its 90Sr isotope) entering the food chain, and 
the importance of Ca as essential macronutrient. In this context, and considering 
also the importance of wheat as food and feed, the aim of this research was to 
assess ratios between concentrations of alkaline earth elements Ca, Ba and Sr in 
the whole grain of wheat genotypes of different levels of ploidy (diploid, tetraploid 
and hexaploid), grown under the same agro-ecological conditions. The results of 
this research may contribute to the creation of genotypes with more favorable 
ratio between these elements in wheat grain.
MATERIALS AND METHODS
Six diploid genotypes of wheat with different genome formula (BB, AA 
or DD), five tetraploids (BBAA) and nine hexaploids (BBAADD) were used 
in the experiment. Among the diploid wheat, four were wild and one (Triticum 
monococcum subsp. monococcum) was primitive cultivated wheat. Among the 
tetraploid wheat included in the experiment, three genotypes were wild einkorn 
while two were cultivated. All hexaploids were cultivated genotypes. The 
names of the cultivars are given in Table 1. 
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The wheat genotypes were planted in the experimental field of the Institute 
of Field and Vegetable Crops, Novi Sad, in 2011, 2012 and 2013, on Calcic, Gleyic 
Chernozem, well-provided with total nitrogen and rich in available phosphorus 
and potassium. Wheat genotypes were sown in a randomized complete block 
design, in three replications. Surface of field plots was 2.5 m2. The soil of the ex-
perimental area was fertilized with 50 kg N ha-1, and 50 kg P2O5 ha-1. Top-dressing 
was conducted once, with 50 kg N ha-1.
Table 1. Genotypes of Aegilops and Triticum species (classified according to van Slageren, 
1994) included in the experiments.
No Species and subspecies Genome(s) Name Source/Origin 
1 Aegilops speltoides subsp. speltoids 1 BB IPK*
2 Aegilops speltoides subsp. speltoids 2 BB IPK
3 Triticum urartu AA IPK
4 Triticum monococcum subsp. Aegilopoides AA Wild einkorn IFVC, SRB**
5 Triticum monococcum subsp. Monococcum AA Cultivated einkorn IFVC, SRB
6 Aegilops tauschii subsp. Tauschii DD Goat grass IPK 
7 Triticum turgidum subsp. Dicoccoides (IPK) BBAA Wild emmer IPK 
8 Triticum turgidum subsp. Dicoccoides (IFVC) BBAA Wild emmer IFVC, SRB
9 Triticum turgidum subsp. dicoccon BBAA Cultivated emmer IFVC, SRB
10 Triticum turgidum subsp. turgidum BBAA Ri vet wheat IPK 
11 Triticum turgidum subsp. Durum (cv. Durumko) BBAA Durum wheat IFVC, SRB
12 Triticum aestivum subsp. spelta (cv. Nirvana) BBAADD Spelt wheat IFVC, SRB
13 Triticum aestivum (cv. Panonnia) BBAADD Common wheat IFVC, SRB
14 Triticum aestivum (cv. Bankut 1205) BBAADD Common wheat HUN
15 Triticum aestivum (cv. Bezostaja 1) BBAADD Common wheat RUS
16 Triticum aestivum (cv. Siete Cerros) BBAADD Common wheat MEX
17 Triticum aestivum (cv. Florida) BBAADD Common wheat USA
18 Triticum aestivum (cv. Renan) BBAADD Common wheat FRA
19 Triticum aestivum (cv. Condor) BBAADD Common wheat AUT
20 Triticum aestivum (cv. Bolal) BBAADD Common wheat TUR
* IPK – Genebank Gatersleben of the Leibniz Institute of Plant Genetics and Crop Plant 
Research, Gatersleben, Germany; ** IFVC, SRB – Institute of Field and Vegetable Crops, 
Novi Sad, Serbia; HUN – Hungary; RUS – Russia; MEX – Mexico; USA – United State 
of America; FRA – France; AUT – Australia; TUR – Turkey. 
Genotypes included in the experiment were harvested at crop maturity 
and all hulled genotypes were manually de-hulled. After digestion of grain 
whole meal in a mixture of 10 mL HNO3 (65%) and 2 mL of H2O2 (30%), the 
concentration of Ca, Ba and Sr were determined by inductively coupled plasma 
emission spectroscopy.
The data were subjected to a combined analysis of variance, treating 
environment as the main plot and the species as the sub-plot, and the differences 
among genotypes and environments were determined using the Tukey test. Stand-
ard deviations, analysis of variance, Pearson’s linear correlation coefficients 
among all the traits were obtained by Infostat (Di Rienzo et al., 2016). Principal 
coordinates analysis (PCO) was used to find the eigenvalues and eigenvectors 
of a matrix containing the distances between all data points (Davis, 1986) applying 
Euclidean correlation.
RESULTS AND DISCUSSION
Concentration ratios Ca:Sr, Ca:Ba and Ba:Sr in the whole grain of Aegilops 
and Triticum species varied significantly between different genomes but also be-
tween different years (Table 2). However, the differences were more pronounced 
between genomes than within them. Significant differences were recorded 
with respect to all three ratios between Triticum species, but not within Aegilops 
(Table 2). The ratio Ba:Sr was affected the most by the year (Table 2). The ratio 
between concentrations of alkaline earth metals and the other elements in par-
ticular plant species, genotypes, organs, tissues, and cell organelles depends, 
besides genetics, on many ecological factors, as well as on physical and chemical 
features of particular ions. The most important ecological factor is the concen-
tration of elements in the root zone, although in this respect opinions vary. 
According to White (2001), the accumulation of Ca, Sr, and Ba in shoots is often 
linear in relation to their concentration in the nutrient solution, and the ratio 
Ca:Ba:Sr in the shoot is the same as in the nutrient solution in which the root 
is embedded. During the transport of Ca, Sr, and Ba towards the shoot there 
is no competition or interaction between these cations, in spite of the fact that 
there is competition between them during their uptake into root cells. Russell 
and Squire (1958) found that the absorption of Sr in the presence of Ca declined 
and translocation of Sr in plants insufficiently supplied with Ca was lower 
probably due to binding of Sr on the root surface or close to it.
Combined analyses of variance showed that the year of study, genotype, 
and the combination highly significantly affected the three examined ratios 
(Table 3). When the analysis was done with respect to the genomes, the result 
was the same (highly significant differences) with the exception of Ca:Sr which 
was significant (Table 4). Standard deviation and coefficient of variation were 
quite variable within and between genotypes and years (Table 5). The ratio Ca:Sr 
was the smallest in genotype 13 (ranging from 121 to 263) and the highest in 
genotype 7 (423–612); the ratio Ca:Ba was the smallest in genotype 2 (74–124) 
and the highest in genotype 10 (174–535); the ratio Ba:Sr was the lowest in genotype 
15 (0.64–2.23) and the highest in genotype 2 (1.78–3.41). Coefficient of varia-
tion was also pretty variable and ranged from 1.9 for ratio Ca:Sr in genotype 
19 to over 52 for ratio Ca:Ba in genotypes 6, 10 and 18 (Table 5). With respect 
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Table 2. Concentration ratios: Ca:Sr, Ca:Ba, and Ba:Sr in the whole grain of Aegilops and 
Triticum species over the period of 3 years. 
Ca:Sr Ca:Ba Ba:Sr
Genotype no.*
1 262.6i 97.2i 2.9a
2 258.4i 97.5i 2.8ab
3 374.3e 273.3c 1.4j
4 439.3cd 211.8de 2.2ef
5 440.1bcd 167.1fg 2.7abc
6 469.3b 239.9d 2.4cde
7 524.1a 223.4de 2.4def
8 309.8g 194.2ef 1.6j
9 502.7a 349.0d 1.5j
10 459.4bc 308.3b 1.9hi
11 458.4bc 222.0de 2.1fgh
12 340.3f 149.7gh 2.3efg
13 206.7j 91.2i 2.3efg
14 279.4hi 122.1hi 2.3defg
15 332.1fg 223.4de 1.6j
16 303.8gh 122.8hi 2.6bgd
17 258.3i 138.0gh 2.1gh
18 268.3i 210.1de 1.6ij
19 416.9d 311.1b 1.4j
20 303.8dh 144.5gh 2.2efgh
Genome
BB 260.5c 217.4a 2.8a
AA 469.3a 97.3c 2.1bc
DD 417.9b 239.9a 2.4b
BBAA 450.9ab 259.4a 1.9c
BBAADD 301.1c 168.1b 2.1bc
Year
2011 345.2b 183.1b 2.1b
2012 373.8a 235.9a 1.8c
2013 362.3ab 165.5b 2.4a
*Genotypes of Aegilops and Triticum species examined in the experiments are given in 
Table 1.
Average ratios were obtained from three independent measurements and significance of 
differences between the average ratios was assessed by Tukey’s test; different letters 
indicate a significant difference at 5% probability level.
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to genomes and experimental years, in each ratio of concentrations, all examined 
ranges had overlaps (Table 5).
Table 3. Combined analysis of variance (ANOVA) of concentration ratios: Ca:Sr, Ca:Ba, 
and Ba:Sr in the whole grain of Aegilops and Triticum species over the period of 3 years.
DF
Ca:Sr Ca:Ba Ba:Sr
SS (%)a SS (%)a SS (%)a
Year (Y) 2 24810b 1 161043b 9 10.41b 11
Genotype (G) 19 1561592b 73 990100b 54 34.25b 36
Y x G 38 505355b 24 654806b 35 46.31b 49
Error 120 35145 2 42541 2 3.39 4
Total 179 2126902 18448191 94.36
a % explained and calculated from ANOVA as factor SS (sum of squares)/total SS. 
b Significant at P <0.01.
Table 4. Combined analysis of variance (ANOVA) of concentration ratios: Ca:Sr, Ca:Ba, 
and Ba:Sr in the whole grain of 20 genotypes and 5 genomes over the period of 3 years.
DF
Ca:Sr Ca:Ba Ba:Sr
MS F MS F SS F
Year (Y) 2 12405** 4.3 80522** 25.7 5.21** 24.4
Genome (Gen) 4 257316* 88.8 112091** 35.7 3.15** 14.7
Y x Gen 8 13214** 4.6 28261** 9.0 2.21** 10.3
Gen/Gen>G 15 35489** 12.2 36116** 11.5 1.44** 6.7
Error 150 2899 3140 0.21
* Significant at P < 0.05; ** Significant at P < 0.01
Pearson’s correlation coefficients for ratios of concentrations of examined 
elements were significant between all genomes for Sr/Ca:Sr, Sr/Ca:Ba, Ba/Ba:Sr, 
and Ca:Sr/Ca:Ba (Table 6). Antagonism between Ca, Sr, and Ba was investi-
gated in the middle of the last century by Epstein and Leggett (1954) and later 
by Kabata-Pendias (2000). It is generally accepted that the Ca:Sr ratio does not 
change significantly during their uptake (Blum et al., 2002). In eight woody 
species Watmough (2014) found that the ratios Ca:Sr and Ca:Ba were different 
in shoots with respect to the soil. In ten pasture species, the ratio Sr:Ca depended 
on plant species but also on soil features (Veresoglou et al., 1996). In wheat, 
the ratio Sr:Ca to a small and Ba:Ca to a higher extent depended on their ratios 
in the soil extract (Smith, 1971a). On the bases of these results, it can be concluded 
that ratios of concentrations of Ca, Sr, and Ba in the nutrient medium under cer-
tain conditions may affect their ratios in shoots. Therefore, studies of genotypic 
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Table 5. Range, standard deviation and coefficient of variation of concentration ratios: 
Ca:Sr, Ca:Ba, and Ba:Sr in the whole grain of Aegilops and Triticum species over the 
period of 3 years.
Ca:Sr Ca:Ba Ba:Sr
N range SD CV range SD CV range SD CV
Genotype no.*
1 3 251–268 8.0 3.1 77–132 24.6 25.3 1.91–3.48 0.69 24.0
2 3 221–321 44.6 17.3 74–124 20.4 22.0 1.78–3.41 0.71 25.7
3 3 292–417 58.2 15.6 202–322 51.0 18.7 1.29–1.45 0.07 4.7
4 3 321–568 101.2 23.0 188–240 21.49 10.2 1.59–3.09 0.67 30.9
5 3 403–502 44.3 10.1 142–192 20.7 12.4 2.41–2.96 0.23 8.5
6 3 425–525 41.5 8.9 124–415 101.2 52.5 1.27–3.69 0.99 40.4
7 3 423–612 77.5 14.8 215–236 9.5 4.2 2.01–2.84 0.35 14.7
8 3 224–405 74.0 23.9 159–238 33.0 17.0 1.41–1.71 0.12 7.73
9 3 428–600 72.3 14.4 259–442 74.9 21.5 0.97–1.89 0.41 26.6
10 3 429–500 29.9 6.5 174–535 152.1 52.2 0.84–2.87 0.83 43.8
11 3 407–510 41.9 9.1 190–278 39.9 18.0 1.84–2.34 0.21 9.7
12 3 213–438 94.1 27.7 136–163 11.2 7.5 1.56–2.94 0.56 24.9
13 3 121–263 61.4 29.7 81–108 11.8 12.9 1.43–3.23 0.74 32.3
14 3 269–292 9.5 3.4 113–128 6.9 5.6 2.09–2.61 0.22 9.4
15 3 318–346 11.5 3.5 152–305 62.9 28.1 1.09–2.09 0.41 25.71
16 3 281–318 16.4 5.4 98–164 29.3 23.9 1.94–2.94 0.45 17.6
17 3 251–273 10.2 3.9 106–200 44.2 32.0 1.25–2.57 0.57 27.9
18 3 230–334 46.9 17.5 108–363 110.2 52.4 0.64–2.23 0.72 43.6
19 3 409–428 7.7 1.9 197–490 128 41.1 0.87–2.08 0.50 32.5
20 3 211–375 68.5 22.5 125–168 17.6 12.2 1.26–2.67 0.64 29.7
Genome
BB 6 221–321 32.1 12.3 74–132 22.6 23.3 1.78–3.48 0.71 24.9
AA 9 292–569 78.3 18.8 142–322 55.3 25.4 1.29–3.09 0.66 32.1
DD 3 425–525 41.5 8.9 124–415 101.2 52.5 1.27–3.69 0.99 40.4
BBAA 15 224–612 97.4 21.6 159–535 101.6 39.2 0.84–2.87 0.55 29.2
BBAADD 27 121–438 73.3 24.3 81–490 90.1 53.6 0.64–3.24 0.66 32.0
Year
2011 20 121–525 101.6 29.5 83–443 95.3 52.0 0.97–3.41 0.67 31.4
2012 20 211–612 126.8 33.9 108–535 117.4 49.8 0.64–3.09 0.69 38.0
2013 20 221–536 89.7 24.8 74–322 67.6 40.8 1.29–3.69 0.65 27.1
* Genotypes of Aegilops and Triticum species examined in the experiments are given in 
Table 1
differences with respect to ratios between concentrations of these elements have 
to be conducted under the identical soil and other agro-ecological conditions, 
and the experiment described here was done in line with this recommendation.
Table 6. The Pearson’s correlation coefficient (r) for concentration of Ca, Sr, and Ba and 
their ratios in the whole grain of Aegilops and Triticum genomes over the period of 3 
years. Genotypes of Aegilops and Triticum species examined in the experiments are 
given in Table 1.
Elements
Genome
BB AA DD BBAA BBDD
Ca/Sr 0.853** 0.521** 0.955** 0.158 0.290**
Ca/Ba -0.446 0.513** -0.707* 0.286 0.280*
Ca/Ca:Sr -0.353 -0.047 -0.819** 0.296* 0.369**
Ca/Ca:Ba 0.398 0.014 0.923** -0.379* -0.285**
Ca/Ba:Sr 0.870** 0.539** 0.923** 0.284 0.253*
Sr/Ba -0.254 0.410* -0.608 0.526** 0.527**
Sr/Ca:Sr -0.781** -0.832** -0.946** -0.838** -0.692**
Sr/Ca:Ba 0.816** 0.857** 0.996** 0.837** 0.826**
Sr/Ba:Sr 0.677** 0.133 0.839** -0.306* -0.224*
Ba/Ca:Sr -0.103 -0.182 0.517 -0.372* -0.358**
Ba/Ca:Ba 0.077 0.181 -0.574 0.367* 0.321**
Ba/Ba:Sr -0.825** -0.439* -0.919** -0.792** -0.751**
Ca:Sr/Ca:Ba -0.990** -0.926** -0.970** -0.887** -0.897**
Ca:Sr/Ba:Sr -0.179 0.152 -0.713* 0.445** 0.422**
Ca:Ba/Ba:Sr 0.218 -0.169 0.801** -0.436** -0.326**
* significance level alpha=0.05; ** significance level alpha=0.01
The intensity of transport from the root and redistribution of elements from 
vegetative parts to the fruit may significantly determine their ratios in generative 
parts. Indexes of translocation of Sr and Br were found to be the lowest out of 
examined microelements (Ni, Cu, Zn, Mo, Sr, and Ba) in five plant species, 
including wheat, and it was not significantly influenced by the increase in their 
concentration available to plants (Kastori et al., 2007). According to Smith (1971a) 
Sr, Ba, and Ra are less mobile in wheat in comparison to Ca, and a significant 
part of Ba and Ra is bound in stems. Russell and Squire (1958) found that redis-
tribution of Sr in barley is very low. Also, low concentration of Ca, Sr, and Ba 
in generative parts and grain of wheat may be explained by their low mobility 
(translocation) in plants. 
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Distribution of examined alkaline earth metals in plant organs is variable, 
and this is reflected in the ratios of their concentrations in the other plant species 
as well. For example, concentration of Sr in rapeseed was the highest in chaff, 
of Ba in stems, and the lowest concentration of both elements was in seed. The 
ratio of concentrations Sr:Ba in stems was 9.7, in chaff 14.4, and in seeds 8.9 
(Kastori et al., 2003). According to Watmough (2014) in eight woody species 
the highest molar ratios Ca:Sr, Ca:Ba, and Sr:Ba were found in leaves, and the 
lowest in stems. Sr and Ba accumulate in the endosperm of Brazil nut and their 
ratio to Ca was found to be 20 times higher than in stem tissues (Smith, 1971b).
Regression analysis of concentration ratios Ca:Sr against Ca:Ba was in 2011 
and 2013 highly significant, whereas concentration ration of Ca:Ba against Ba:Sr 
was significant in all experimental years. On the contrary, concentration ratio of 
Ca:Sr against Ba:Sr was not significant (Figure 1). It is clear that concentrations 
of individual elements are reflected in the analyses of their ratios. Significant 
differences with respect to the concentrations of particular alkaline earth ele-
ments were recorded between the genotypes of the same species. Young and 
Rasmusson (1966) found significant differences in the accumulation of Ca and 
Sr between genotypes of barley: those genotypes which accumulated higher 
amounts of Sr accumulated Ca as well. Barley genotypes differed significantly 
with respect to Sr:Ca ratio in the shoots. Significant differences were recorded 
with respect to the concentration of Ba (Denčić et al., 2015), Sr (Kastori et al., 
2017) and Ca in the whole wheat grain. All three elements accumulated most 
in the grain of Aegilops speltoides.
Principal coordinate analysis of ratios of concentrations Ca:Ba, Ba:Sr, and 
Ca:Sr during three years allowed grouping of genotypes according to their 
genome into distinct groups (Figure 2) and these results are further supported 
by discriminant analysis (Figure 3). Therefore, the results described here un-
derline the significance of the genetic background with respect to the ability 
to accumulate Ca, Ba, and Sr in the wheat and Aegilops grain. These findings 
are important since they can be used in the breeding programs to obtain wheat 





Figure 1. Pearson’s liner correlation coefficients among ratios of concentrations  
of Ca:Ba and Ca:Sr (A, B, C), and Ba:Sr and Ca:Ba (D, E, F) in the whole grain  
of Aeglops and Triticum species in three experimental years. Ratios between Ba:Sr  
and Ca:Sr were not statistically significant and therefore are not shown.  
Genotypes of Aegilops and Triticum species examined in the experiments  
are given in Table 1
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Figure 2. Principal coordinate analysis of concentration ratios: Ca:Sr, Ca:Ba and Ba:Sr  
in the whole grain of Aegilops and Triticum species over a 3-year period shows  
segregation groups with respect oto their respective genetic backgrounds. Genotypes  
of Aegilops and Triticum species examined in the experiments are given in Table 1
Figure 3. Discriminant analysis of concentration ratios: Ca:Sr, Ca:Ba, and Ba:Sr in the 
whole grain of Aegilops and Triticum species over a 3-year period shows segregation 
groups with respect to their respective genetic backgrounds. Genotypes of Aegilops 
and Triticum species examined in the experiments are given in Table 1
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CONCLUSION
Examined alkaline earth metals have different physiological and eco-
logical significance. Calcium is a necessary element for all living things, while 
strontium, under certain circumstances, is considered as an ecological hazard. 
Therefore, the knowledge of their concentrations and ratios of their concentrations 
in wheat grain, beside scientific, has practical significance as well. Diploid, 
tetraploid, and hexaploid wheats accumulated Ca, Sr, and Ba at different levels. 
Overall ratios of their concentrations in the grain were the lowest for Ba:Sr, 
than for Ca:Ba, and the highest for Ca:Sr. Besides genotype, the year of study, and 
also the combination of genotype and the year of study highly significantly 
affected the ratios of concentration Ca:Sr, Ca:Ba, and Ba:Sr.
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РЕЗИМЕ: Kалцијум (Cа), стронцијум (Sr) и баријум (Ba) припадају истој 
гру пи елемената Периодног система и имају сличне хемијске особине. Међутим, 
њи хове улоге у биљном организму веома се разликују. Обзиром да биљке немају 
спо собност да у потпуности разликују есенцијалне (Cа) од неесенцијалних еле-
мената (Sr и Bа), оне их све усвајају из земљишног раствора, а то се одражава у 
раз личитом односу концентрација ових елемената у биљном ткиву и утиче на 
њи хове нутритивне особине. Способност врста и генотипова да усвајају и акуму-
лирају хемијске елементе у различитим ткивима, зависи од њихове генетике. И 
поред тога, разлике у хемијском саставу огледају се у њиховој репродуктивној 
уло зи. Циљ истраживања био је да се одреде односи концентрација Cа, Sr и Bа 
у целом зрну диплоидне и тетраплоидне пшенице – претка данашње пшенице, 
као и хексаплоидних комерцијалних врста, гајених на истом пољу и локалитету 
током три године.
Испитивани генотипови су акумулирали Cа, Sr и Bа у различитим количи-
на ма, што се одразило на однос њихових концентрација у зрну. Најнижи однос 
уста новљен је између Bа и Sr, затим Cа и Bа, а највећи између Cа и Sr. Такође, 
ре зултати су показали да година испитивања, генотип и комбинација значајно 
ути чу на однос концентрације Cа:Sr, Cа:Bа и Bа:Sr.
КЉУЧНЕ РЕЧИ: баријум, калцијум, однос концентрације, нивои плоидности, 
пшеница, стронцијум 
